This study assesses the association of childhood socioeconomic circumstances, height, and obesity with components of blood pressure. We selected 4009 people representative of the Spanish population aged 60 years and older, and estimated systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse pressure (PP) according to childhood social class, height, and obesity. No association was found between childhood social class and blood pressure. SBP showed an inverse gradient and DBP a direct gradient with height, although an independent association between height and DBP was found only in women. Stature was independently associated with increased DBP in women with central obesity, but there was no association between height and DBP in women without central obesity. Short stature was independently associated with increased PP. Body mass index and waist-to-hip ratio were independently associated with increased DBP in women, and waist-to-hip ratio was independently associated with increased PP in men, while waist circumference was independently associated with increased DBP and increased PP in women. These results do not support the assumed effect of socioeconomic circumstances in early life on blood pressure, which may depend on the context and/or study population. The relations observed between height and blood pressure support the hypothesis that PP could be a mediator of the association between short stature and increased cardiovascular risk. The relationship between obesity measures and components of blood pressure reinforces the recommendation to reduce body weight in order to reduce blood pressure.
Introduction
Many studies have observed that adverse childhood socioeconomic circumstances and short stature increase the risk of coronary heart disease. 1 In contrast, the evidence as to whether childhood socioeconomic circumstances and height are related to blood pressure -one of the main coronary risk factors -in adulthood has been inconsistent: some studies find a relation, [2] [3] [4] [5] [6] while others do not. [7] [8] [9] [10] [11] [12] Some studies that have found an association between childhood social class and adult blood pressure have shown that the association decreases or disappears after adjusting for body mass index in adulthood. 3, 6 Given the strong association between obesity and blood pressure, these findings suggest that obesity is the factor that mediates the relation between childhood social class and adult blood pressure. The failure to find this relation in other studies suggests that, in these cases, obesity in adulthood is independent of socioeconomic circumstances in childhood. A similar phenomenon could occur with respect to height, given that it is an indicator of material conditions in childhood.
Another explanation for the inconsistent results in the relation between height and blood pressure is related to the blood pressure component investigated. The studies cited looked at systolic blood pressure (SBP) and/or diastolic blood pressure (DBP). However, due to the haemodynamic mechanisms related to the length of the arterial tree, height probably shows a stronger association with pulse pressure (PP) -the difference between systolic and diastolic pressure. Two studies have found that short stature is strongly associated with increased PP. 13, 14 These findings would explain the consistent association between height and cardiovascular diseases, since it has been suggested that PP is a more important determinant of cardiovascular risk than SBP or DBP in middle-aged and older subjects. 15, 16 Thus, there may be different mechanisms by which socioeconomic circumstances in childhood and height influence blood pressure components. Furthermore, the two may interact with each other and with adult obesity. The objective of this study is to evaluate the independent association of all the components of blood pressure with height and socioeconomic class in childhood, together with general and central obesity in older people.
Methods

Participants
We selected a sample of men and women representative of the Spanish non-institutionalised population aged 60 years or older. A total of 4009 subjects (71% of those invited) participated, and baseline data were collected between October 2000 and February 2001. Ethical committee approval for the study was obtained and all subjects gave informed consent; full details of participants and measurements have been reported previously. 17, 18 The information was collected by personal interview using a structured questionnaire, followed by a physical examination to measure anthropometric characteristics and blood pressure.
Measurements
Childhood social class was based on the father's occupation. Adult social class, as defined by current or most recent occupation of the person interviewed, was also included in the analysis as a confounder variable. For women who had never worked, this was measured by their husband's occupation. Father's occupation and current or most recent occupation of the participants were ascribed to one of the following four categories of social class: professionals, managers, proprietors, and clerical workers (I), self-employed farm workers (II), skilled and unskilled manual workers (III), and paid farm workers (IV). Classes I and II were grouped together in a single category in the analyses, while classes III and IV were considered to be working social class. Smoking was categorised as current smoker, if the person was a regular or daily smoker, never smoker, or former smoker. Subjects were asked about the type of physical exercise done in their free time. A person whose only reported leisure time activity was completely sedentary (reading, watching television, etc) was considered to be physically inactive. During the interview, information on whether or not participants were currently on antihypertensive drug treatment was also recorded.
Height was measured to the nearest 0.5 cm, using a portable stadiometer with participants standing without shoes. Weight was measured to the nearest 0.1 kg using a calibrated electronic scale, with the subject wearing light clothing and in stocking feet. Waist and hip circumference were obtained using a flexible, nonelastic belt-type tape, and were measured with the subject wearing light clothing at midpoint between the lower rib and the iliac crest (the first) and at the largest circumference below the waist (the second).
Blood pressure was measured in the right arm of seated participants after a minimum 5-min rest. Two sets of six blood pressure measurements were obtained from each subject on two separate occasions. In each set, three mercury-based measurements were alternated with three automated-base measurements (each mercury reading preceding each automated reading), with a 2-min interval between each cuff inflation. The mean of all the measurements of SBP and DBP was used for the analysis. PP was calculated as the difference between SBP and DBP.
Statistical analysis
A total of 3489 participants had information on the following measurements: SBP, SDP, height, body mass index (weight/height 2 ), waist-to-hip ratio, and waist circumference. Of these, 89 had no information on childhood social class, but they were included in the analysis as an additional category of this variable. SBP, DBP, and PP adjusted for age were calculated for the categories of childhood social class, height, body mass index, waist-to-hip ratio, and waist circumference. The proportion of subjects on antihypertensive treatment in each variable category was also estimated.
Multiple linear regression was used to assess the independent associations of childhood social class, height, body mass index, and waist-to-hip ratio with the components of blood pressure, after adjusting for potential confounding factors (age, use of antihypertensive medication, adult social class, smoking, and physical inactivity) and for each of the other principal variables. The standard deviation (s.d.) of height, body mass index, waist-to-hip ratio, and waist circumference were used in the regression models. Childhood social class and confounding factors were modelled as dummy variables. Interaction terms between childhood social class and height with the measures of obesity were added to assess whether the effect of childhood social class and height on blood pressure was dependent on obesity.
Results
The age-adjusted mean values for SBP, DBP, and PP for the principal variables are shown in Table 1 . There was no pattern across childhood social class categories for the components of blood pressure. A gradient with height was observed for all components in women and only for PP in men. The shortest women had the highest SBP and PP and the lowest DBP, and the shortest men had the highest PP. A gradient with body mass index with waist-to-hip ratio and with waist circumference for the components of blood pressure was observed, except for PP across body mass index and for DBP across waist-tohip ratio and across waist circumference in men. People whose body mass index was 30 kg/m 2 or higher and those with the largest waist-to-hip ratio and with the largest waist circumference had the highest values for SBP, DBP, and PP. Table 2 shows the percentage of subjects on antihypertensive treatment as a function of the main variables. Childhood social class and the measures of obesity were found to be related to antihypertensive treatment. The highest percentage of antihypertensive treatment was seen in subjects with working class fathers and in those who had the highest values of body mass index, waist-to-hip ratio, and waist circumference. Height was not related antihypertensive treatment.
Subjects with working class fathers were shorter than those whose fathers were professionals, managers, or clerical workers: the mean age-adjusted difference in height was 1.88 cm (Po0.001) in men and 1.16 cm (P ¼ 0.002) in women. The differences by the subject's own social class were smaller: 1.39 cm (Po0.01) in men and 0.99 cm (Po0.01) in women. These differences decreased slightly after adjusting the estimates for the other social class, but the differences in mean height by father's social class remained higher.
With regard to DBP, the interaction term between the s.d. of height and the s.d. of waist-to-hip ratio in women was significant. However, to show this finding more clearly, women were classified into two groups according to waist-to-hip ratio (central obesity defined as X0.9). Tall obese women had the highest DBP ( Figure 1 ). In women with a waist-tohip ratio o0.9, there was no independent association between height and DBP after adjusting for age, childhood social class, adult social class, smoking, physical inactivity, use of antihypertensive medication, and body mass index: À0.43 (95% CI À1.02 to 0.17) mmHg change in DBP score for each decrease of 1 s.d. in height. In contrast, for women with a waist-to-hip ratio X0.9, there was a strong association between height and DBP in the fully adjusted model: À1.93 (À2.80 to À1.06). No other interaction was observed in the models. Table 3 shows the association of childhood social class and height with blood pressure components. For the fully adjusted model of the effect of height on DBP in women, waist-to-hip ratio was not included because of the interaction. There was no evidence of an effect of childhood social class on SBP, DBP, or PP. Height was independently associated with PP. Height had an opposite effect on SBP and DBP, although it showed an independent association with DBP only in women. The fully adjusted regression coefficient for PP per 1 s.d. decrease in height was 1.03 (95% CI 0.13 to 1.94) in men and 1.60 (0.91 to 2.29) in women. The fully adjusted regression coefficient for DPB per 1 s.d. decrease in height was À0.92 (À1.35 to À0.52) in women. Short stature was associated with increased SBP, but the association was attenuated to the null after adjusting for confounding factors in men and in the fully adjusted model in women. In contrast, the magnitude of the regression coefficients for DBP was greater in the fully adjusted model than in the age-adjusted models. Table 4 shows the association of body mass index, waist-to-hip ratio, and waist circumference with the components of blood pressure. In the age-adjusted model the three measures of obesity were associated with increased SPB, but the association was reduced to the null after adjusting for the rest of the variables, except in the case of waist circumference in women, which showed an independent association with increased SBP. Body mass index was independently associated with increased DBP in men and women, waist-to-hip ratio was independently associated with increased DBP in women and with increased PP in men, while waist circumference was independently associated with increased DBP and increased PP in women. In general, in the fully adjusted models the magnitude of the regression coefficients for SBP decreased considerably with respect to the age-adjusted models, whereas the decrease in the case of DBP was smaller. This decrease was mainly due to the effect of antihypertensive treatment, which reduced the magnitude of the association with the measures of obesity more in the case of SBP than in that of DBP.
As education is sometimes considered a reflection of childhood socioeconomic circumstances, we also obtained estimates by educational level (Table 5) . Low educational level was independently associated with decreased DBP and increased PP in men. In contrast, there was no evidence of an independent effect of education on SBP, DBP, or PP in women.
Discussion
Main findings
We did not find an association between childhood social class and blood pressure. However, we did find evidence that short stature is associated with increased PP in men and women, and with decreased DBP in women. In addition, we also Waist-to-hip ratio > Figure 1 Age-adjusted mean DBP across quartile of height in women with and without central obesity.
Pulse, systolic and diastolic blood pressure in older people In the fuly adjusted model, only body mass index was included because of the interaction between height and waist-to-hip ratio.
Pulse, systolic and diastolic blood pressure in older people Pulse, systolic and diastolic blood pressure in older people observed that body mass index was associated with increased DBP in men and women, while the waistto-hip ratio was associated with increased PP in men and with increased DBP in women, and waist circumference was associated with increased SBP, DBP, and PP in women (Table 6 ).
Data limitations
In this cross-sectional study, the possibility of reverse causality or survival bias must be considered. Some diseases could lead to a loss of height either due to disc space compression, or because of inability to stretch during height measurement, as may occur in the case of chronic respiratory diseases. 19 It is unlikely that a loss of height due to high blood pressure or related diseases would explain our results, since we found that height was inversely associated with SBP, but directly associated with DBP. Reverse causality as an explanation for the association between the measures of obesity and blood pressure can also be ruled out as blood pressure is highly unlikely to affect body mass index or waist-to-hip ratio.
On the other hand, the possible effect of survival bias on the results cannot be ruled out. The risk of coronary disease has been seen to be inversely related with DBP in persons with high SBP in middle-aged and older people. 15 Since short stature and obesity are associated with an increased risk of mortality from coronary disease, the lack of an independent association with SBP could be due to a selective survival bias in short persons and in obese persons with lower SBP.
Most, 20 but not all, 21, 22 studies have observed that impaired foetal development -reflected by low birth weight or other indicators -is associated with increased blood pressure in adulthood. As prenatal growth influences height reached in adulthood, 23 the failure to adjust for some indicator of foetal development could have overestimated the magnitude of the association between height and SBP and underestimated the magnitude of the association between height and DBP. Finally, there are two possible biases in this study with regard to the social class of the father. One of them refers to its validity. The association between height and father's social class, of magnitude greater than the association between height and the subject's own social class, suggests that the father's social class is a reasonably valid indicator of socioeconomic circumstances in childhood, since adult height reflects health and nutrition throughout the growing years. 24, 25 The second limitation refers to the possible bias in the classification of the father's occupation, since it is based on individual recall, and thus would underestimate the association between this variable and the components of blood pressure. However, the probability of this bias is small since the father's occupation was grouped into broad categories. Subjects who completed secondary and higher education (1); subjects who completed primary education (2); and illiterate persons and those who did not complete primary education (3).
Pulse, systolic and diastolic blood pressure in older people
Comparison with other studies and possible explanations Several studies have shown that adverse socioeconomic circumstances in childhood are associated with increased systolic and/or DBP during adulthood. 2, 3, 6 In two of these studies, the association decreased or disappeared after adjustment for adult obesity. 3, 6 For this reason, some authors have noted the importance of identifying the mechanisms by which socioeconomic circumstances in early life are associated with obesity in adulthood, as a way to prevent the increase in blood pressure. 6 However, our findings and similar findings from other studies 10, 12 do not support the potential usefulness of this recommendation for any context and/or study population.
For some authors, education acts as a marker of material conditions during childhood and adulthood. 26 In women education was not associated with blood pressure, whereas in men low educational level showed an association with decreased DBP and with increased PP. These findings suggest that education in our study probably reflects social position in adulthood, since adverse material conditions during childhood have been associated with increased DBP. 2, 6 An increase in blood pressure has been shown in different situations of prolonged exposure to psychological demands when the possibilities for controlling the situation are perceived as limited. 27 One such event that mainly affected the men in our study is retirement. One author suggests that less-well-educated older persons have experienced relatively fewer opportunities to exercise control throughout their lives. 28 In this regard, the higher DBP observed in men of higher educational level suggests that bettereducated men will have experienced the greatest loss after retirement because they had more job involvement, together with greater autonomy and decision-making capacity.
A possible association between short stature and increased blood pressure may reflect environmental exposures that alter growth and, at the same time, influence blood pressure in adulthood. We did not find an independent association between height and SBP. It was seen that short stature was associated with increased SBP, but the association disappeared after adjustment for potential confounding factors and obesity in adulthood, indicating that lower class, smoking, physical inactivity, and obesity of shorter people may explain their higher SBP.
In any case, the evidence concerning the relation between height and SBP is inconsistent: whereas some studies have found an inverse relation, 5, 13, 14 many others have not found any relation. [7] [8] [9] 11, 29 One study even showed higher SBP in taller subjects. 30 Something similar occurs in the case of DBP. In our study, short stature showed an association with decreased DBP in women. However, most studies have not observed a relation between height and DBP, 5, [7] [8] [9] [10] [11] 13, 14 except for one study that found an inverse relation between height and DBP in men, 4 and another study that found a direct relation. 30 These inconsistent results could be due to the fact that adult height is a nonspecific measure of exposures that affect all growth periods and not just growth in childhood. 31 The growth phase in which subnormal growth occurs could vary in different populations and, consequently, the effect of these exposures on blood pressure may also be different. However, it is also possible that the relation between height and blood pressure reflects the haemodynamic properties of the arterial tree. The independent association between short stature and increased PP found in our study has been observed in two studies in middle-aged adults 14 and older people. 13 The increase in PP with reduced height is probably due to early reflections from a short arterial tree. At a normal pulse wave velocity, the reflected wave reaches the central aorta in the late systole or early diastole of the same beat. The shorter the arterial tree, the more likely the reflected waves return to the central aorta in early to midsystole, where they amplify the peak systolic pressure and result in increased central pressure and PP. 32 Furthermore, a faster heart rate, which is associated What is already known on this topic K Adverse childhood socioeconomic circumstances and short stature are associated with an increased risk of coronary heart disease. K Evidence of the association of childhood socioeconomic circumstances and height with high blood pressure -one of the principal coronary risk factors -is inconsistent. K Some studies suggest that the association between childhood socioeconomic circumstances and blood pressure may be mediated by obesity, and that short stature is basically associated with increased pulse pressure -the difference between systolic and diastolic blood pressure.
What this study adds K The lack of association between childhood social class and blood pressure suggest that the effect of socioeconomic circumstances in early life on blood pressure in adulthood may depend on the context and/or study population. K The association between short stature and increased pulse pressure probably reflects the haemodynamic properties of the arterial tree and support the hypothesis that pulse pressure could be a mediator of the association between short stature and increased risk of coronary heart disease. K The independent association of obesity measures with components of blood pressure reinforce the recommendation to reduce body weight in order to reduce blood pressure.
Pulse, systolic and diastolic blood pressure in older people E Regidor et al with the length of the arterial tree, contributes to increased PP by inducing a shorter diastolic period and a lower aortic DBP. 33 The different signs of the regression coefficients for SBP and DBP support this explanation. We also found a strong association between height and DBP in women with central obesity. Oestrogen deficiency influences the central distribution of adipose tissue. 34 DBP falls with increased large-artery stiffness, so the postmenopausal development of arterial rigidity with the loss of oestrogen may have strengthened the effect of the length of the arterial tree on DBP in those women.
It has been suggested that, in middle-aged and older people with high SBP, PP is a more important determinant of risk for coronary heart disease than SBP or DBP. 16, 17 The independent association of short stature with increased PP suggests that PP could be a potential mediator of the relation between short stature and increased risk of coronary heart disease that has been seen in many studies. 4, 19 This would also explain the paradox of the consistent findings about the relation between height and coronary heart disease and the inconsistent findings about the association of short stature with SBP and DBP.
We found an independent association of body mass index with increased DBP in men, of body mass index and waist-to-hip ratio with increased DBP in women, and of waist circumference with increased SBP, DBP, and PP in women. Most studies show an association of measures of obesity with increased SBP and/or DBP in adults and older people. 7, [35] [36] [37] [38] [39] However, when the estimates obtained for each measure of obesity were controlled for potential confounders and for the other obesity measure, the results relative to SBP are less consistent, and in some cases the association disappears. 21, 36, 37 In our study, as well, the association between body mass index and increased SBP in women and between waist-to-hip ratio and increased SBP in men disappeared after adjusting for the other measures of obesity. Only the association between waist circumference and SBP in women remained after adjusting for all the variables. It has been shown that central obesity, measured as waist-to-hip ratio or waist circumference, has a higher correlation with blood pressure than does general obesity, measured as body mass index. 40 Our study confirmed the association between central obesity and increased SBP or DBP in women, but not in men.
DBP levels off with age, which probably reflects increasing atherosclerosis in the aging population due to stiffening of the large arteries. 41 SDP, however, increases at older ages, resulting in a higher prevalence of isolated SBP elevation. 42 Many of the persons on antihypertensive treatment in our study probably have isolated SBP elevation, which would explain why adjusting for the effect of treatment decreases the association with the measures of obesity more in the case of SBP.
In summary, our results suggest the need to monitor PP, especially in short people. They also reinforce the recommendation that reducing body weight can help to reduce blood pressure, whether this occurs as a direct effect of general and/or central obesity on DBP or indirectly, due to the effect of each obesity measure through the other on SBP.
